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REAR PROJECTION SCREENS AND
METHODS OF MAKING THE SAME

This application claims the benefit of Provisional Patent
Application Ser. No. 60/454,197 dated Mar. 12, 2003.

FIELD OF THE INVENTION

The 1nvention relates to rear projection screens and light
filters, specifically those made with microstructures.

BACKGROUND OF THE INVENTION

Rear projection screens transmit an image from the back
of the screen to the viewer on the opposite side of the screen.
The 1mage 1s affected by the amount of light transmitted by
the screen or {ilter or throughput. Generally, screens and
filters have been limited by their construction to the amount
of light transmitted through the screen or filter. It 1s desirable
to have constructions that provide increased light throughput
and also provide improved contrast.

With 1ncreased definition of the projected image, the
number of pixels has increased from the conventional num-
ber of several tens of thousands to a number exceeding one
million pixels. As a result, there has been a demand for a
finer structure of the lenses in the projection screen as well.

In concrete terms, there 1s a need to reduce the lens
structure of current projection screens to a value of 0.36 mm
or less 1n two of three dimensions.

Generally, rear projection screens have suffered from poor
angularity. Angularity 1s the term used to describe the ability
of a viewer to see a good 1mage from the screen or filter at
a range of angles other than those which are approximately
orthogonal to the screen surface. As the viewer moves to the
side of the screen or {ilter, or higher or lower than the screen
or filter, the 1mage brightness and/or quality 1s decreased.
The angular brightness can be symmetrical or non-
symmetrical and 1t 1s desirable to have screens and filters in
which the image brightness and/or angular brightness can be
tailored to best suit the intended viewing conditions.

It 1s typically advantageous to control the angular depen-
dence of the screen’s luminance by directing light to that
region where the viewer 1s most likely to be positioned. For
example, where the rear projection display 1s a data monitor,
the viewer 1s typically positioned centrally relative to, and
within approximately one to three feet from the display. The
viewer's eyes may be positioned above a line normal to the
center of the screen, but the viewer typically does not view
the screen from a distance as much as one or two feet above
the screen. Furthermore, for reasons of privacy or security,
it may be desirable to reduce the luminance emerging from
the screen at an angle or 30° or more relative to a normal to
the screen. This reduces the possibility that someone posi-
tioned far away from the axis of the screen, and perhaps
having no authority to view the contents of the screen, sees
the 1nformation on the screen.

It 1s generally desirable to provide a rear projection screen
that has high resolution, high contrast and a large gain.

U.S. Pat. No. 4,431,266 (Mori) relates to an optical

refractor comprising of a plate of transparent material hav-
ing a first and second surface. Segment lens elements of the
same size are arranged on the first and second surface of the
plate and formed integrally with the plate. The segment lens
clements on the first surface are positioned 1n face-to-face
relation with the segment lens elements arranged on the
second surface.

U.S. Pat. No. 4,490,010 (Honda) relates to a rear projec-
fion screen consisting of an array of convex lenses on the

10

15

20

25

30

35

40

45

50

55

60

65

2

front and rear sides of the screen. Projections or raised
portions are provided which surround the front convex
lenses and are extended forwardly thereof and light masking
strips or layers are formed over the projections or raised
portions.

U.S. Pat. No. 5,066,099 (Yoshida) relates to a rear pro-
jection screen 1mage display device that comprises one or
more sheet members through which light 1s sequentially
fransmitted from the side of a plane of incidence of the
screen, the last sheet member comprising a transparent
material as a base thereof, and a light diffusing layer
provided on the side of a plane of emergence of the base. The
light diffuser itself may be colored in order to obtain further
enhanced contrast.

U.S. Pat. No. 5,870,224 (Saitoh) relates to lenticular sheet
in which cylindrical lens parts including a radiation curable
resin are formed on one side of a transparent support, and at
least a light-diffusing layer and light-blocking stripes are
formed on the flat surface located on the opposite side of
said sheet. Cylindrical lens parts with a fine pitch of 0.3 mm
or less can be obtained.

U.S. Pat. No. 5,933,276 (Magee) relates to a partially
transparent, directional viewing sheet formed of plastic
material with convex and concave lenses of elliptical cross-
section formed on the front and back surfaces of the sheet.

U.S. Pat. Nos. 5,563,738 and 5,781,344, (Vance), relate to
light transmitting and dispersing filters having low reflec-
tance. The multi-layer light filters use the addition of optical
layers to a basic refractive light filter to allow adjustment of
gain, contrast and ambient light rejection of light filters.

U.S. Pat. No. 6,076,933 (Diloreto et al.) describes light
transmitting and dispersing filters similar to those described
by Vance with the addition of a conformal layer of light
transmissive material on the back surface of the transparent

beads.

SUMMARY OF THE INVENTION

This invention relates to a light transmitting filter com-
prising: (a) a layer of light absorbing material, the layer
having a front surface and a back surface, and (b) a trans-
parent layer having a microstructured first surface and a
microstructured second surface, wherein the microstructures
of the first surface are embedded 1n the light absorbing layer
and have an exposed surface providing paths for transmit-
ting light through the light absorbing layer and forming
interstitial regions between the microstructures substantially
filled with the light absorbing material, and wherein the
microstructures of the second surface are optically aligned
with the microstructures of the first surface to control light
transmitted through the path.

In one embodiment of the invention, the light transmitting,
filter includes an optically clear conformable coating cov-
ering the microstructured second surface of the transparent
layer to increase the transmittance of the light filter and/or
modify the distribution of light through the light filter. The
light transmitting filter may also include a clear support
layer adhered to the front surface of the light absorbing
layer.

The light transmitting filters of the present invention have
improved light throughput and 1mproved angularity. The
angular brightness can be symmetrical or non-symmetrical
and 1t 1s desirable to have screens and filters 1n which the
image brightness and/or angular brightness can be tailored to
best suit the intended viewing conditions.

The invention further relates to a method of making a light
transmitting filter comprising the steps of: (1) providing a
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transparent film having a first microstructured surface and
second microstructured surface wherein the microstructures
of the first surface form interstitial regions between the
microstructures and wherein the microstructures of the first
surface are optically aligned with the microstructures of the
second surface; (2) providing a layer of light absorbing
material having a first and a second surface; and (3) embed-
ding the microstructures of the first surface of the transpar-
ent {1lm into the light absorbing material to a depth sufficient
to form light passages through the light absorbing layer,
wherein the interstitial regions between the microstructures
are substantially filled with light absorbing material.

In another aspect, the invention relates to a method of
making a light transmitting filter comprising the steps of: (1)
providing a first transparent film having a first and second
surface and microstructures on its first surface; (2) providing
a second transparent film having a microstructured first
surface and a second surface; (3) providing a layer of light
absorbing material having a first and second surface; (4)
embedding the microstructures of the first surface of the first
transparent film into the light absorbing layer to a depth
suflicient to form light passages through the light absorbing
layer; and (5) laminating the second surface of the first
transparent film to the second surface of the second trans-
parent film so that the microstructures of the first transparent
film are optically aligned with the microstructures of the
second transparent film.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a cross sectional view of an intermediate of the
light transmitting filter of the invention illustrating the first
microstructured surface in contact with a clear support layer.

FIG. 2 1s a cross sectional view of a light transmitting
filter of the invention having a first microstructured surface
and second microstructured surface.

FIG. 3 1s a cross sectional view of a light transmitting
filter of the invention including lenses on the front surface of
the clear support layer.

FIG. 4 1s a three dimensional view of the light transmit-
ting filter wherein the microstructures of the second surface
form lenticular lenses.

FIG. § 1s a three dimensional view of the light transmit-
ting filter wherein the microstructures of the second surface
form barrel lenses.

FIG. 6 1s a cross sectional view of the light transmitting,
filter wherein the microstructures of the first surface are
conical structures.

FIG. 7 1s a cross sectional view of the light transmitting
filter wherein the microstructures of the first surface are
cylindrical structures

FIGS. 8a—8/ are cross sectional views of one embodiment
of making the light transmitting filter.

FIGS. 9a-9/ are cross sectional views of one embodiment
of making the light transmitting filter having an optically
clear conformable coating on the second microstructured
surface.

It should be appreciated that the process steps and struc-
tures described below do not form a complete process flow
for manufacturing a complete light transmitting filter. The
present invention can be practiced in conjunction with
fabrication techniques currently used 1n the art, and only so
much of the commonly practiced process steps are included
as are necessary for an understanding of the present inven-
tion.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

In the specification and claims the term “microstructure”
relates to microstructures on a polymeric film. As used
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herein, the term “microstructure” means the configuration of
features wherein at least 2 dimensions of the features are
microscopic. The topical and/or cross-sectional view of the
features must be microscopic. The function of the light
transmitting filter 1s dependent on the form of the

microstructure, which may consist of positive and negative
features.

As used herein, the term “microscopic” refers to features
of small enough dimension to require an optic aid to the
naked eye when viewed from any plane of view to determine
its shape. One criterion 1s found in Modem Optic Engineer-
g by W. J. Smith, McGraw-Hill, 1966, pages 104-105
whereby visual acuity,” . . . 1s defined and measured 1n terms
of the angular size of the smallest character that can be
recognized.” Normal visual acuity is considered to be when
the smallest recognizable letter subtends an angular height
of 5 minutes of arc on the retina. At typical working distance

of 250 mm (10 inches), this yields a lateral dimension of
0.36 mm (0.0145 inch) for this object.

The microstructures comprise a series of features having,
height, length and width. In one embodiment, the micro-
structures independently have a height and width dimension
from about 2.5 to about 360, or from about 10 to about 300,
or from about 15 to about 500, or from about 20 to about
250, or from about 25 to about 200, or from about 25 to
about 125 microns. In one embodiment, the microstructures
have an average height of from about 15 to about 35 microns
and are about 50 to about 360 microns in width. The height
1s measured from the apex of the microstructure to the
deepest recess of the microstructure.

The microstructures may be made by many different
methods known to those of skill 1n the art. Particularly useful
methods of forming the microstructures are described in
detail 1n U.S. Pat. Nos. 4,486,363, 4,601,861 5,156,863 and
patent applications Pub. Nos. U.S. 2003/0102591 and U.S.
2001/0009172, the disclosures of which are hereby incor-
porated by reference. Another method that may be utilized
1s the cast and cure method wherein a polymerizable com-
position 1s applied between a substrate and a molding tool
having formations thereon that are the inverse of micro-
structures. The composition 1s polymerized under UV
radiation, and then separated from the tool.

As described above, the light transmitting filter com-
prises: (a) a layer of light absorbing material, the layer
having a front surface and a back surface, and (b) a trans-
parent layer having a microstructured first surface and a
microstructured second surface, wherein the microstructures
of the first surface are embedded 1n the light absorbing layer
and have an exposed surtace providing paths for transmit-
ting light through the light absorbing layer and forming
interstitial regions between the microstructures substantially
filled with the light absorbing material, and wherein the
microstructures of the second surface are optically aligned
with the microstructures of the first surface to control light
transmitted through the path. As used herein, “optically
aligned” means that light striking the microstructured sec-
ond (e.g., back) surface of the transparent layer 1s focused
within the path through the light absorbing layer provided by
the microstructures of the first surface of the transparent
layer.

The light absorbing layer serves a number of purposes
including reducing the reflectivity of the light filter, reducing
the amount of light transmitted from the back surface
through the interstitial regions between the microstructures
in the filter to the viewer and enhancing the contrast of the
filter. This layer generally has a thickness sufficient for




US 6,369,195 B2

S

embedding the microstructures of the first surface of the
transparent layer. The embedding of the microstructures is
such that the microstructures have an exposed surface that
forms light tunnels through the light absorbing layer. The
interstitial regions between the individual microstructures
are substantially filled, or tully filled with the light absorbing
material. As used herein, the term “substantially” means that
the majority, 1.e., greater than 50%, of the arca of the
interstitial region 1s filled. In one embodiment, the area is

filled to at least 60%, or at least 75%, or at least 90% of the
total area. The microstructures may protrude from the light
absorbing layer to provide a path for light transmittance
through the light absorbing layer.

The light absorbing layer may be any material that 1s
substantially opaque and can be embedded with the trans-
parent microstructures of the first surface of the transparent
layer to form light tunnels through the opaque layer. The
light absorbing layer may be any material that 1s malleable
enough to yield when the transparent microstructures are
pushed against 1t, such as a partially or imcompletely
crosslinked urethane, a pressure sensitive adhesive, or with
the addition of heat, thermoplastic polymers. The light
absorbing material may also be a material that can form
around the microstructures, such as an asphalt or adhesive (a
pigmented pressure sensitive adhesive).

Typically, the light absorbing layer comprises a combi-
nation of one or more pigments, usually carbon black, or
other colorant, and one or more polymers, such as
polyolefins, polyacrylates, polyvinyl acetals such as poly-
vinyl butyral, (e.g., Butvar resins available from Solutia),
polyurethanes, polyesters or polyvinylcarboxylates. The
polyolefins may be homopolymers and copolymers of C,_,,
olefins, such as ethylene, propylene, and butylene. The
polyacrylates, including polymethacrylates, may be
homopolymers or copolymer of C,_,, acrylate or methacry-
late monomers, such as methyl, ethyl, propyl, butyl, hexyl,
or octyl acrylates or methacrylates. Here and elsewhere 1n
the specification and claims, the term for pendant groups is
meant to include all i1someric forms of the group. For
instance, the use of the term octyl 1s intended to cover
n-octyl, 1sooctyl, and 2-ethylhexyl groups. The polyvinyl-
carboxylates include homo or copolymers of C,_,, vinyl
carboxylates, such as vinyl acetate, vinyl propionate and
vinyl butyrate. Examples of useful commercially available
polyacrylates include Acrylic HI-7 from ICI and Acrylic
MI-7 from Rohm & Haas. The light absorbing layer may
contain from about 2% to about 10% by weight of the
pigment and/or colorant.

Alternatively, the light absorbing layer may be a photo-
sensifive f1lm, in which case its optical density can be varied
by exposure to actinic light. Photochromic materials which
automatically adjust their absorption in response to ambient
light conditions also can be used. In addition to film and
polymer type materials, the light absorbing layer may be a
wire mesh or perforated metal or polymer sheet, or a
combination of wire mesh and polymers.

In one embodiment, the front surface of the light absorb-
ing layer may be supported by an optically clear support
layer to improve the sturdiness of the filter. The optically
clear support layer may be a glass or a polymer. The support
layer must resist the pressure exerted by the transparent
microstructured layer during the embedding process. The
support layer may be adhered to the light absorbing layer by
an adhesive, by lamination, or as a result of coextrusion. The
support layer may be any material having sufficient strength
to provide support polyolefins, such as optically clear poly-
olefins from metallocene catalysts, polyacrylates,
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polymethacrylates, polycarbonates, polyurethanes,
polyesters, such as polyethylene terephthates, polyvi-
nylidene dichloride, cellophane, cellulose acetate, polyvi-
nylidene difluorides, polyvinyl chlorides, polyvinyl acetals,
and polyvinylcarboxylates to the light absorbing layer and
having optically clear characteristics. Examples of support
layers 1nclude glass, polyacrylics, polycarbonates,
polyurethanes, such as two part polyurethanes, and
polyesters, such as polyethylene terephthalates.

In one embodiment, at least one of the major surfaces of
the support layer 1s textured or randomly matte to optically
scatter the light that emerges from the support layer. For
example, the surface of the support layer in contact with the
light absorbing layer is textured. Alternatively, the outer
surface of the support layer can be textured.

As described above, the light transmitting filters include
a transparent layer with microstructures on 1its first surface
and 1ts second surface. The microstructures of the first
surface may be formed separately from the microstructures
of the second surface of the transparent layer. Alternatively,
the microstructures of the first and second surfaces may be
formed simultaneously.

The transparent layer typically has a thickness from about
10 to about 500, or from about 15 to about 375, or from
about 25 to about 250 microns. The thickness 1s measured to
the highest point or apex of microstructures of the first
surface to the highest point or apex of the microstructures of
the second surface.

The transparent layer 1s typically composed of any opti-
cally clear polymer that 1s able to form microstructures. The
optically clear polymers include those polymers described
above for the light absorbing layer. In one embodiment, the
transparent layer 1s formed from polyolefins, such as opti-
cally clear polyolefins from metallocene catalysts,
polyacrylates, polymethacrylates, polycarbonates,
polyurethanes, polyesters, such as polyethylene
terephthates, polyvinylidene dichloride, cellophane, cellu-
lose acetate, polyvinylidene difluorides, polyvinyl chlorides,
polyvinyl acetals, and polyvinylcarboxylates. In one
embodiment, the transparent layer 1s formed from a
polycarbonate, a polymethyl methacrylate, or a urethane.

The microstructures on the first surface are embedded into
the light absorbing layer to form passages for light through
the light absorbing layer. Any microstructure that provides
such passage may be used, provided that the throughput of
light 1s sufficient for rear projection filters and/or screens.
The microstructures include cylinders, cones, pyramids,
rectangles, hemispheres, squares, hexagon, ridges, and or
combinations of two or more thereof. The cones and pyra-
mids may be truncated. In one embodiment, the microstruc-
tures are used with their narrowest area extending outward
from the surface of the transparent layer to form point or line
segment light passages.

It should be understood that cylindrical and rectangular
structures may be placed on their long side to form line
scgment light passages from the longest portion of its
dimension extending parallel to the transparent layer. For
instance, a microstructure like a pup tent or a quonset hut
would form light passages that are line segments. In this
embodiment, the length of the microstructure 1s from about
0.5 to about 50, or from about 1 to about 35, or from about
1.5 to about 10, or from about 2 to about 5 times the width
of the microstructure. Here and elsewhere 1n the specifica-
tion and claims the range and ratio limits may be combined.
When the microstructures produce line segment light
passages, then 1t should be understood that the microstruc-
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tures may form parallel light passages or may formed light
passages that are at other angles such as perpendicular
angles making a walflle pattern.

In one embodiment, the microstructures of the transparent
layer have a matte or textured finish. The microstructures
may also contain particulate matter on the surface of the
microstructures. The textured or matte finish helps to reduce
speckling.

In one embodiment of the invention, the filter includes an
optically clear, substantially uniform conformable layer on
the microstructures of the second (e.g., back) surface of the
transparent layer. This layer typically has a thickness of
about 10% to about 90% of the length of the microstructure,
or from about 20% to about 80%, or from about 30% to
about 70% of the length of the microstructure. The layer
comprises any polymer which has the optical clarity needed
for light transmitting filters. Typically these polymers are
polyolefins, such as optically clear polyolefins from metal-
locene catalysts; polyacrylates; polymethacrylates; polycar-
bonates; polyurethanes; polyesters, such as polyethylene
terephthates; polyvinylidene dichloride; cellophane; cellu-
lose acetate; polyvinylidene difluoride; polyvinyl chloride;
polyvinyl butyral and polyvinylcarboxylates.

The light filter may have a tie layer to improve the
adhesion of the conformable coating to the transparent layer.
This can be any material that improves this adhesion. In
another embodiment, the transparent layer and the light
absorbing layer may be treated to improve adhesion.
Examples of suitable tie layer resins include “Platamid”,

available from EIlf Atochem, “CXA”, available from
DuPont, and “Plexar” available from Chemplex.

In one embodiment, the back surface of the conformed
layer of optically clear material has a textured finish that
results 1n reduced speckling. It 1s believed that the textured
finish scatters reflected light with minimal effect on total
light transmission thereby reducing speckling. In one
embodiment, the textured finish may be a matte finish, or the
finish may contain a three-dimensional pattern having cross
sections made up of very small circles, ovals, diamonds,
squares, rectangles, triangles, polygons, lines, or irregular
shapes when the cross section 1s taken parallel to the surface
of the light absorbing material. Several procedures and
techniques are known to those skilled 1n the art for produc-
ing textured finishes on surfaces that can be used to form the
textured finish on the back surface of the conformed layer.
For example, the back surface of a conformable layer of
optically clear material may be textured, prior to being
conformed to the microstructure, by contact with a film or
paper having a textured or matte finish. The finish on the film
1s replicated on the surface of the conformable layer when
the two surfaces are joined by pressure. Alternatively the
desired surface of the conformable layer deposited on, e.g.,
a release liner, can be textured by passing the construction
through heated rollers, at least one of which has a textured
surface. In another method, the texture can be imparted to
the back surface of the conformed layer by first printing a
textured surface onto the face of a polymer coated surface of
a casting sheet. The printing can be done using common
printing techniques such as Flexography (Flexo) and Roto-
gravure (gravure). Heat and pressure are used to press the
texture 1nto the face of the polymer coated casting sheet so
that the top of the print 1s substantially level with the
polymer coated surface. The conformable layer 1s then
applied over the textured surface such as by lamination
thereby replicating the textured or printed surface on the
back surface of the conformable layer.

The light filter may include additional layers light trans-
missive layers on either its front or back surfaces to further
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control light through the light filter. Such additional layers
include, for example, lenticular lenses, barrel lenses and
Fresnel lenses.

The mmvention may be further understood by reference to
the figures. FIG. 1 1s a cross sectional view of one embodi-
ment of an intermediate construction of the light filter.
Construction 10 has transparent layer 11 having microstruc-
tures 12 embedded 1nto light absorbing layer 13. An opti-
cally clear support layer 14 1s optionally adhered to the front
surface of the light absorbing layer 13. Interstitial regions 16
are formed between the individual microstructures and are

substantially filled with the light absorbing material. A path
17 for light transmittance through the light absorbing layer
13 1s provided by the microstructures 12 of the transparent
layer.

FIG. 2 illustrates one embodiment of the light filter of the
invention. Light filter 20 has transparent layer 21 having
microstructures 22 on 1ts front surface and microstructures
25 on 1ts back surface. The microstructures 22 of the front
surface are embedded into light absorbing layer 23. Inter-
stitial regions 26 are formed between the 1individual micro-
structures. An optically clear support layer 24 1s optionally
adhered to the front surface of the light absorbing layer 23.
A path 27 for light transmittance through the light absorbing
layer 23 1s provided by microstructures 22. Microstructures
25 and 22 may be made by simultancously or sequentially
microembossing the transparent layer 21. Alternatively,
microstructures 22 can be formed on a first transparent layer
and then laminated to a second transparent layer having
microstructures 25. The resulting laminate would comprise
transparent layer 21. Lamination can occur prior to or
subsequent to embedding microstructures 22 1n light absorb-
ing layer 23. Microstructures 25 are optically aligned with
microstructures 22 to control light transmitted through path
27. Microstructures 25 may have the same or different
dimensions as microstructures 22.

FIG. 3 shows an embodiment in which the light filter
includes additional lenses on 1ts front surface. Light filter 30
has transparent layer 31 having microstructures 32 on its
front surface and microstructures 35 on its back surface. The
microstructures 32 of the front surface are embedded mto
light absorbing layer 33. To support layer 34 1s adhered
columnar lenses 36 with the illustrated circular exterior
shape cross section. Other shapes for the cross section are
also possible. The columnar lenses layer 36 can be selec-
tively shaped so that its exposed surface 37 1s either flatter
or more elongated than 1llustrated. Flatter exposed surface
37, and conversely, more clongated exposed surface 37
tends to disperse light more away from the apexes of the
exposed surface 37.

FIG. 4 1llustrates an embodiment wherein the light filter
40 has transparent layer 41 having microstructures 42 on its
front surface and microstructures 43 on its back surface. The
microstructures 42 of the front surface are embedded into
light absorbing layer 43. An optically clear support layer 44
1s optionally adhered to the front surface of the light absorb-
ing layer 43. Microstructures 45 are hemispherically shaped.
Microstructures 45 may optionally have a textured finish.

FIG. 5 1llustrates another embodiment wherein the light
filter 50 has transparent layer 51 having microstructures 52
on 1its front surface and microstructures 55 on 1ts back
surface. The microstructures 52 of the front surface are
embedded 1nto light absorbing layer 53. An opftically clear
support layer 44 1s optionally adhered to the front surface of
the light absorbing layer 353. Microstructures 45 are
columnar, or “Quonset hut” shaped. Microstructures 55 may
optionally have a textured finish.
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FIG. 6 1llustrates yet another embodiment wheremn the
light filter 60 has transparent layer 61 having microstruc-
tures 62 on 1ts front surface and microstructures 65 on its
back surface. The conical shaped microstructures 62 of the
front surface are embedded 1nto light absorbing layer 63. An
optically clear support layer 64 1s optionally adhered to the
front surface of the light absorbing layer 63.

FIG. 7. Illustrates yet an embodiment wherein the light
filter 70 has transparent layer 71 having microstructures 72
on 1its front surface and microstructures 75 on its back
surface. The cylindrical shaped microstructures 72 of the
front surface are embedded 1nto light absorbing layer 73. An
optically clear support layer 74 1s optionally adhered to the
front surface of the light absorbing layer 73.

The methods of making the light transmitting filters may
be through heat lamination. The microstructures of the
transparent layer are pressed into the light absorbing layer
with heat and pressure to form light passages. The micro-
structures extend 1nto and typically through the light absorb-
ing layer. Lamination temperatures and pressures depend on
the materials (polymers) used in the various layers, and

generally, lamination occurs at a temperature of from about
175° F. (79° C.) to about 400° F. (204° C.), or from about

250° F. (121° C.) to about 350° F. (177° C.). The lamination
pressure 1s typically from about 50 to about 150 psi, or from
about 75 to about 125 psi.

In one embodiment, the invention relates to a method of
preparing a light transmitting filter comprising the steps of:
(1) providing a transparent film having a microstructured
first surface and a microstructured second surface, (2) pro-
viding a layer of light absorbing material having a first and
second surface, (3) embedding the microstructures of the
first surface of the transparent film into the light absorbing
layer to a depth suflicient to form light passages through the
light absorbing layer. In one embodiment, the second surface
of the transparent layer may be covered by an additional lens
structure, 1ncluding, or example, a Fresnel lens. In one
embodiment, the method includes a further step of adhering
an optically clear support layer to the first surface of the light
absorbing layer.

In another embodiment, the invention relates to a method
of preparing a light transmitting filter comprising the steps
of: (1) providing a first transparent film having a first
microstructured surface and second surface, (2) providing a
second transparent film having a first microstructures sur-
face and second surface, (3) providing a layer of light
absorbing material having a first and a second surface, and
(4) embedding the microstructures of first surface of the first
transparent film into the light absorbing film to a depth
suificient to form light passages through the light absorbing
layer, and (5) laminating the second surface of the first
transparent layer to the second surface of the second trans-
parent layer so that the microstructures of the first transpar-
ent film are optically aligned with the microstructures of the
seccond film. The laminating step may occur prior to or
subsequent to the step of embedding the microstructures.

FIGS. 8a—{ are cross sectional views of an embodiment of
a method of making a light filter. Throughout the drawings,
like structures are given the same number. A transparent
layer 801 1s embossed to form a plurality of microstructures
802. The transparent filter 801 1s pressed 1nto a protective
support comprising a molding layer 803 and a support layer
804. Molding layer 803 1s heat laminated to the transparent
layer 801 and the microstructures 802 are embedded into the
molding layer 803, this protects the microstructured surface
from damage through subsequent processing steps. In one
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embodiment, 1t 1s desirable that the Vicat softening point of
the transparent layer 801 1s higher than the Vicat softening
point of the polymer of the molding layer 803. The molding
layer may be any thermoplastic polymer with the appropri-
ate Vicat softening point. If the molding layer 1s composed
of a polymer of similar nature to the transparent layer 801
then a layer of silicone release layer, such as those used for
pressure sensitive adhesive liners, may be used to enhance
case ol separation of the layers. In one embodiment, the
molding layer 803 1s composed of polyolefins, such as low,
medium and high density polyethylene, propylene or mix-
tures thereof. The lower Vicat softening point of the molding
layers helps protect the microstructures during manufacture
of the light filter by softening and/or melting to conform to
the surface of the microstructures. Under the pressure and
temperature of preparation, the microstructures are pressed
into the molding layer.

FIG. 8b 1llustrates that the microstructures 802 of trans-
parent layer 801 are pressed into the molding layer 803. In
FIG. 8¢, the second surface of the transparent layer 801 1is
embossed to form a second plurality of microstructures 8035.
This second plurality of microstructures may be the same or
different size as the first plurality of microstructures 802.
FIG. 84 1llustrates the formation of the light filter from a
construction of a light absorbing material 806 on a clear
support layer 807. The microstructures 805 are pressed into
light absorbing material 806 to form light passages. FIG. 8¢
illustrates the heat laminated structures having microstruc-
tures 805 embedded into the light absorbing material 806 on
clear support layer 807. The light transparent layer 801 with
microstructures 802 remain laminated to molding layer 803
on support layer 804. FIG. 8f illustrates the final step of
making the light filter by removing the molding layer 803 on
support 804 to leave the light filter.

FIGS. 9a—f 1llustrate an embodiment of the invention
wherein the light filter includes a conformable coating on the
microstructures of the back surface of the transparent layer.
A transparent layer 901 1s embossed to form a plurality of
microstructures 902. The transparent filter 901 1s pressed
into a protective support comprising molding layer 903 and
a support layer 904. Onto molding layer 903 1s coated layer
908, which comprises the composition of the conformable
coating. Molding layer 903, with conformable coating 908
thereon, 1s heat laminated to the transparent layer 901 and
the microstructures 902 are embedded into the molding layer
903. This protects the microstructured surface from damage
throughout subsequent processing steps.

FIG. 9b illustrates that the microstructures 902 of trans-
parent layer 901 are pressed into the molding layer 903. The
conformable layer 908 conforms to the shape of the micro-
structures. In FIG. 9¢, the second surface of the transparent
layer 901 1s embossed to form a second plurality of micro-
structures 903. This second plurality of microstructures may
be the same or different size as the first plurality of micro-
structures 902. FIG. 9d illustrates the formation of the light
filter from a construction of a light absorbing material 906
on a clear support layer 907. The microstructures 905 are
pressed 1nto light absorbing material 906 to a depth sutficient
to form light passages through light absorbing material 906.
FIG. 9¢ illustrates the heat laminated structures having
microstructures 905 embedded into the light absorbing
material 906 on clear support layer 907. The light transpar-
ent layer 901 with microstructures 902 remain laminated to
molding layer 903, with conformable layer 908 adhered to
the microstructures 902. In FIG. 9/, support layer 904 and
molding layer 903 are removed from the construction. The
remaining portion of the construction comprises the light

filter.
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The following are examples of the preparation of the light
filters of the mvention. These examples are 1llustrative and
are not be considered limiting to the scope of the invention.
Unless otherwise indicated 1 the examples and elsewhere 1n
the specification and claims, temperatures are in degrees
centigrade, parts and percentages are by weight, and pres-
sure 1s at or near atmospheric pressure.

EXAMPLE 1

The front side of a transparent layer of impact modified
acrylic, such as CP-927 from Ineos Acrylic, 1s microem-
bossed with heat and pressure to form hemispheres having
an approximate diameter of 75 microns. The back side of the
transparent layer 1s simultaneously microembossed with
opposing hemispheres of the same diameter except that the
hemispheres are elongated. The surface containing the elon-
gated hemispheres 1s laminated using heat and pressure to a
protective substrate consisting of a layer of low density
polyethylene coating on polyethylene terephthalate. The
front surface 1s laminated to an opaque layer of thermoplas-
tic urethane S-9815-03 available commercially from Morton
International GmbH containing 10% of a finely dispersed
carbon black so that the apex of each hemisphere just
protrudes through the layer forming light tunnels through the
opaque layer. The protective layer 1s removed and the
construction 1s laminated to a sheet of glass using an optical
adhesive so that the elongated hemispheres are exposed.

EXAMPLE 2

The front side of a transparent layer of polycarbonate 1s
microembossed with heat and pressure to form hemispheres
with an approximate diameter of 75 microns. The front
surface 1s laminated to an opaque layer of thermoplastic
urethane S-9815-03 available commercially from Morton
International GmbH containing 10% of a finely dispersed
carbon black so that the apex of each hemisphere just
protrudes through the opaque layer forming light tunnels
through the opaque layer. The construction 1s laminated to a
sheet of glass using an optical adhesive. A separate trans-
parent layer of polymethyl methacrylate having a microem-
bossed surface forming hemispheres 1s laminated to the back
side of the polycarbonate layer with optical adhesive so that
the hemispheres of the polymethyl methacrylate layer are
exposed.

While the mnvention has been explained 1n relation to 1its
preferred embodiments, 1t 1s to be understood that various
modifications thereof will become apparent to those skilled
in the art upon reading the specification. Therefore, 1t 1s to
be understood that the invention disclosed herein 1s intended
to cover such modifications as fall within the scope of the
appended claims.

What 1s claimed 1s:

1. A light transmitting filter comprising;:

(a) a layer of light absorbing material, the layer having a
front surface and a back surface, and

(b) a transparent layer having a microstructured first
surface and a microstructured second surface, wherein
the microstructures of the first surface are embedded 1n
the light absorbing layer and have an exposed surface
providing paths for transmitting light through the light
absorbing layer and forming interstitial regions
between the microstructures substantially filled with
the light absorbing material, and wherein the micro-
structures of the second surface are optically aligned
with the microstructures of the first surface to control
light transmitted through the path.
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2. The filter of claim 1 wherein the light absorbing layer
comprises a polymeric material and at least one pigment or
colorant.

3. The filter of claim 1 wherein the light absorbing layer
comprises a polyacrylate, a polyurethane, or a polyvinyl
acetal, and at least one pigment or colorant.

4. The filter of claim 1 wherein the transparent layer
comprises a polyacrylate, a polycarbonate, a polyurethane or
mixtures of two of more thereof.

5. The filter of claiam 1 wherein the transparent layer
comprises a polyacrylate.

6. The filter of claim 1 wherein the microstructures of the
first surface have a height of up to about 250 microns.

7. The filter of claim 1 wherein the microstructures of the
first surface have a height of about 25 to about 125 microns.

8. The filter of claim 1 wherein the first surface of the
transparent layer 1s covered with lenticular lenses, barrel
lenses, or combinations thereof.

9. The filter of claim 1 wherein the microstructures of the
first surface comprise cylinders, truncated cones, pyramids,
rectangles, hemispheres, squares, hexagon, ridges, and or
combinations of two or more thereof.

10. The filter of claim 1 wherein the second surface of the
transparent layer 1s covered with a Fresnel lens.

11. The filter of claim 1 wherein the transparent layer
comprises a multilayered film.

12. The filter of claim 1 wherein the microstructures of the
second surface have a height up to about 300 microns.

13. The filter of claim 1 wherein the microstructures of the
second surface have the same dimensions as the microstruc-
tures of the first surface.

14. The filter of claim 1 wherein the microstructures of the
second surface comprise hemispheres.

15. The filter of claim 1 further comprising an optically
clear support layer having a front and back surface wherein
the back surface 1s adhered to the front surface of the light
absorbing layer.

16. The filter of claim 15 wherein the clear support layer
comprises glass, or an optically clear polymeric film.

17. The filter of claim 15 wherein the clear support layer
comprises a polyester, polyurethane or a polyacrylate.

18. The filter of claim 15 wherein the front surface of the
clear support layer 1s covered with lenticular lenses, barrel
lenses, or combinations thereof.

19. The filter of claim 1 wherein the microstructured
second surface has a textured finish.

20. The filter of claim 1 further comprising an optically
clear, substantially uniform, conformable layer having a
front surface and a back surface, wherein the front surface
covers the microstructured second surface of the transparent
layer.

21. The filter of claim 20 wherein the conformable layer
has an average thickness from about 2.5 microns to about
2’70 microns.

22. The filter of claim 20 wherein the conformable layer
comprises a polyvinylbutyral, a polyurethane or a polyester.

23. The filter of claim 20 wherein the back surface of the
conformable layer has a textured finish.

24. A method of making a light transmitting filter com-
prising the steps of:

(1) providing a transparent film having a first microstruc-
tured surface and second microstructured surface
wherein the microstructures of the first surface form
interstitial regions between the microstructures and
wherein the microstructures of the first surface are
optically aligned with the microstructures of the second
surface;
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(2) providing a layer of light absorbing material having a
first and a second surface; and

(3) embedding the microstructures of the first surface of
the transparent film into the light absorbing material to
a depth sufficient to form light passages through the
light absorbing layer, wherein the interstitial regions
between the microstructures are substantially filled
with light absorbing material.
25. The method of claim 24 wherein the microstructures
of the first surface have a height of up to about 250 microns.
26. The method of claim 24 wherein the microstructures
of the first surface comprise cylinders, truncated cones or
pyramids, rectangles, hemispheres, squares, hexagon,
ridges, and or combinations of two or more thereof.

10

27. The method of claim 24 wherein the second surface of 15

the transparent layer 1s covered with a Fresnel lens.

14

28. The method of claim 24 wherein the microstructures
of the second surface have a height up to about 300 microns.

29. The method of claim 24 wherein the microstructures
on the second surface have the same dimensions as the
microstructures of the first surface.

30. The method of claim 24 wherein the microstructures
of the second surface comprise hemispheres.

31. The method of claim 24 further comprising adhering
an optically clear support layer to the first surface of the light
absorbing layer.

32. The method of claim 31 wherein the clear support
layer comprises glass, or an optically clear polymeric film.

33. The method of claim 24 further comprising the step of
applying a conformable coating to the microstructures of the
second surface of the transparent layer.
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